Seismicity clusters within fault zones can be connected to the structure, geometric complexity and size of asperities which perturb and intensify the stress field in their periphery. To gain further insight into fault mechanical processes, we study stick-slip sequences in an analog, laboratory anomalies. These regions appear to play an important role in controlling the nucleation spots of dynamic slip events and crustal earthquakes.
Introduction
Fault systems contain geometric and structural complexities on multiple scales. The Within the scope of this study, we investigated the connection between the spatio-12 temporal distribution of microseismicity and structural heterogeneities of fracture sur-13 faces during laboratory stick-slip experiments. In particular, we concentrated on the 14 influence of geometric fault asperities, which are commonly seen as areas of increased 15 fault strength and resistance to slip. The term asperity has been used in seismological 16 studies to describe highly stressed, locked fault patches. These patches are observed to 17 produce large co-seismic moment release during earthquake propagation but can also be can be connected to episodic locking, enhanced strain accumulation and fault rupture.
26
Fault plane asperities have been studied at crustal and laboratory scales. The latter 27 aim to mimic similar conditions to those inside of the seismogenic crust. An advantage
28
of laboratory experiments is that experimental set-ups can be adapted to study isolated gous to earthquakes. Furthermore, the widely used rate and state friction laws were based 34 on laboratory observations [Dietrich, 1978; Ruina, 1983] and have since been applied to 35 describe parts of complex fault behavior. 
Acoustic emissions in laboratory experiments
Non-elastic deformation of rock specimens in the brittle regime is connected to microc-37 racking events that emit elastic waves similar to seismic waves during crustal earthquakes.
38
The hypocenters and amplitudes of these acoustic emissions (AEs) have been determined during loading of intact samples follows a power law similar to the Gutenberg-Richter or the failure of one or more large asperities on a rough fault.
79
We extend previous studies by connecting detailed b-value maps with in situ fault struc-80 ture observations. While many laboratory experiments were focused on the mechanism 81 of rock fracture, we put our emphasis on the analysis of AEs during stick-slip sliding.
82
We created naturally faulted surfaces and observed the AE build up with approaching representative of the continental, seismogenic crust, is isotropic and consists of 28% quartz,
101
33% plagioglase, 33% K-feldspar, 5% mica (3.5% biotite, 1.9% muscovite) [Chayes, 1950a] 102 with an average grain size of 0.75 mm [Stesky, 1978] .
103
Rock fracture and frictional sliding were performed with a 4600 kN MTS servo-controlled contrasts (density, atomic number), thickness, and radiated X-ray energy.
128
Fracture of intact rock and stick slip events on fault
We developed a three-step procedure, in which initially the intact part of the rock (not shown) resulted in complex fault structures that contained multiple fracture surfaces.
138
The introduction of notches provided a key improvement in our experimental set-up and 
AE data
The main focus of this study was to connect AE properties (namely magnitude, den- 
176
The amplitude of each AE event was determined similarly to Zang et al. [1998] :
where A imax is the maximum amplitude of the AE waveform at each sensor, r i is the 179 distance between the source and the i th receiver in millimeter and k is the total number of 180 sensors used for the amplitude calculation. The computed value is an average amplitude 181 for the whole array assuming elastically propagating, spherical waves of a point source,
182
corrected for geometrical spreading on a 10 mm reference sphere.
183
Within the framework of this study we distinguished between AEs which were described 184 by their locations, magnitudes, and origin times and macroscopic, dynamic slip events with 185 specific stress drops, durations, and onsets of stress drops. Dynamic slip events were asso-186 ciated with a whole set of AE events, consisting of AE-"fore-", "main-" and "aftershocks".
187
The nucleation spots of macroscopic slip events were defined as mainshocks. They were reached approximately pre-slip rates.
216
Based on AE amplitudes, we assigned magnitudes (M = log A) to each event on an 217 experiment-specific scale and seismic moments using Here, we chose C = 3/2 which is commonly used for real earthquake scaling relationships.
220
Our analysis focused on relative, spatial variations in M 0 which is why changes in C cause 221 only an up or down scaling but have no influence on the detectability of spatial variations.
222
Both magnitude and seismic moment were computed on an experiment-specific reference 223 scale.
224
Frequency-magnitude distributions of AE-events follow a power law of the form
where b is the slope of the number of events (N ) vs. magnitude (M ) and a provides an 227 estimate for the productivity analogous to the Gutenberg and Richter [1944] relationship.
228
To compute b-values, we use the maximum-likelihood approach [Aki, 1965] . in the proximity of the fault plane by creating a 2D grid with 0.1 mm node spacing. We complex fault structure, we observed many slip-parallel slickensides of up to 0.5 cm length.
275
Slickensides in laboratory experiments are connected to dynamic slip events [Engelder , 276 1974] and are also encountered in exhumed, natural faults. 
Stress drop and duration
The loading curves of our sliding experiments showed sudden slips with large stress Table 2 shows results from the analysis of the aftershock rates of all slip events of (top in Figure 8 ) and looking at a side view of the fault plane (bottom in Figure 8 ).
334
The AE activity was very low within 0.1 s after the mainshock occurrence possibly due 335 to events that were hidden within the mainshock coda. Thus the nucleation spot of a 
422
To compare information of AE locations with post-experimental fault microstructure,
423
we superimposed AE hypocenters on the CT-images of Wgrn05. We show results for two 424 exemplary slip events (slip event 2 and 5) of Wgrn05. Figure 13 shows the foreshocks of 444 Figure 14 shows a superposition of the CT scan and foreshocks prior to slip event 5.
445
The overall seismic activity was smaller and more localized than before slip event 2. We 
Discussion
Within the scope of the described experiments, we found some compelling similarities 456 between microseismicity occurrences during sliding of fracture surfaces and crustal seis- which nucleated in its proximity.
491
In the absence of large, geometric heterogeneity, for example, during fracture experi- One major difference between our stick-slip events and natural seismicity is that none of 
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